Some factors affecting the use of chromogenic substrates with Limulus lysate for assaying bacterial endotoxins in blood have been assessed. It was found that endogenous amidases, which degrade the substrate, could be inactivated by heating serum at 60°C for 15 min. Endotoxin was found not to be removed from serum during clotting. A potent inhibitor of the activated lysate was found to be anti-thrombin II, but specific absorption of anti-thrombin II from plasma reduced only marginally the inhibition of lysate by plasma. The presence of specific antibody to the endotoxin was found not to affect its ability to activate lysate. Inactivation of endotoxin by serum enzymes was biphasic in unheated serum, and most of the activity was destroyed in 3 h at 37°C or in 24 h at 5°C. The relevance of these findings to the objective quantitation of endotoxin activities is discussed.
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Amoebocytes present in the hemolymph of certain species of Limulidae, notably the horseshoe crab (Limulus polyphemus) and the Japanese crab (Tachypleus spp.), contain granules of a material which, in the presence of minute quantities of endotoxin from many species of gram-negative bacteria, will form a gel (16, 17) .
This reaction has been used as the basis of a sensitive qualitative or semiquantitative assay for endotoxins, with the reagent used being a lysate of Limulus amoebocytes (Limulus amoebocyte lysate [LAL] ) and the endpoint being the detection of gelation after incubation for certain times under standardized conditions (19, 31) . The pathway of the gelation process, which has some similarities to that of mammalian blood coagulation (11, 22, 28) , is shown in Fig. 1 . This assay has been applied in both the pharmaceutical and clinical fields either to detect or to quantitate roughly bacterial endotoxins (6, 20) . Recently, it has been reported that activated LAL will cleave certain synthetic amino acid substrates which act as carriers for a chromogenic p-nitroanilide group (21) , and that the intensity of the color thus generated is proportional to the quantity of endotoxin present (13) . This paper reports the results of an investigation of the following factors which may affect the quantitative detection of endotoxins in blood, using LAL and a chromogenic-substrate.
Inhibition of LAL by serum and plasma. The presence of substances in blood which are capable of inhibiting the LAL enzyme is well known, and a number of methods for their removal or diminution have been published, including extraction with chloroform (19) , dilution (19) , specific adsorption of endotoxin on plastic beads (10) , shifting the pH of the plasma (23) , and dilution and precipitation with ammonium sulfate, followed by boiling (9) . Most laboratories have chosen to use plasma as the sample of choice when testing for endotoxemia because Levin et al. (19) found that there was less endotoxin detectable by the LAL gelation assay in serum prepared from blood to which endotoxin was added than in preformed serum "spiked" with an equivalent quantity of endotoxin. These workers suggested that endotoxin either became bound with the clotted blood or was rapidly inactivated during clotting. However, the fact that a substantial fraction of the lost endotoxin activity could be restored by dilution (19) indicated that any such inactivation was potentially reversible.
Effect of antibody against endotoxin. I investigated the possibility that preexisting antibodies in sera might interfere with the detection of endotoxin.
Inactivation of endotoxin by serum factors. Endotoxin in blood not only binds to plasma proteins (27) but also is inactivated by an enzyme system which is resistant to diisopropylfluorophosphonate, inhibited by some divalent cations, heat labile at 56°C for 1 h, and unaffected by the presence of antibody against endotoxin (25, 26 Endotoxins were freshly diluted in PFW in 10-fold steps between 1 ig/ml and 0.1 pg/ml. Sample collection. Blood was taken from healthy volunteers by using the standard venipuncture technique, with a sterile disposable plastic syringe and needle (Gillette Industries Ltd., Isleworth, United Kingdom). The site (healthy skin) was thoroughly swabbed with 70% isopropanol (British Pharmacopoeia) beforehand, and hemolysis was avoided. For plasma, the blood was anticoagulated with pyrogenfree heparin (Weddel Pharmaceuticals Ltd., London) at 25 U/ml of blood and immediately centrifuged at 1,500 x g at room temperature. For serum, the blood was allowed to clot at 37°C for 1 h before centrifugation.
Antibodies to endotoxin. Antibodies to E. coli 0111;B4 were raised in New Zealand White rabbits by intravenous injection of heat-kiiled organisms (five doubling doses spread over 25 days). Four days after the last injection, blood was collected with sterile precautions into pyrogen-free containers. The blood was allowed to clot at 37°C for 1 h, the sera were collected and heated at 60°C for 15 min (see below), and part was absorbed with group A human erythrocytes. Normal rabbit blood was collected and treated in a similar fashion. Antibody titers were measured by passive hemagglutination of human group A erythrocytes coated with alkali-treated endotoxins (7) or with crude lipid A (5). The anti-E. coli serum had a reciprocal titer of 1.024 x 105 against E. coli endotoxin, 8 against S. marcescens endotoxin, and 1,280 against lipid A. Control serum titers were 32 against E. coli endotoxin, 4 against S. marcescens, and nil against lipid A. Lipid A-coated erythrocytes were not agglutinated by antiserum to E. coli O antigen. This E. coli antiserum was not characterized further to preserve its freedom from pyrogens. However, when similar antisera were prepared by the same method in the past, they were found by gel filtration chromatography to contain both 2-mercaptoethanol-sensitive macroglobulin and 7S antibody, the latter being precipitating for the endotoxin.
Radiolabeled endotoxin. present in normal human plasma (heparinized) to und that heating serum is a satisfactory which a trace of '25I-labeled bovine serum albumin had for inactivation of endogenous amidases. been added as a marker for dilution. (Molecular ntaining 250,ul of fresh serum were incubated weights of bovine serum albumin and AT-II are 68,000 for various lengths of time and then were and 64,000, respectively.) The absorbed plasma was tely cooled in ice. Subsequently, 50 ,il of sub-collected, and the column was washed well with phoslution was added to each tube, and the tubes phate-buffered saline, pH 7.2. The bound AT-II was icubated at 37°C for 1.5 h. The reaction was then eluted at room temperature with 3 M potassium with acetic acid and the OD4Js",mn of the solu-thiocyanate, pH 6.8. The presence or absence of ATs read against a blank of serum to which Il in the eluate and from the absorbed plasma, respec-] had been added in the presence of acetic tively, were confirmed by Ouchterlony gel diffusion. en the fal in ODlS,05m was plotted against
The absorbed plasma inevitably had been diluted ation time (at 60°C), the curve (Fig. 2) (ii) Inhibition of LAL by AT-fl-depleted plasma and by purified AT-Il. The results of the assay, when AT-II-depleted plasma was incubated with LAL for 2 h, showed that this plasma displayed scarcely diminished inhibition of the LAL enzyme. However, when the column eluate which contained the recoverable, purified AT-Il from 5 ml of plasma in about 0.4 ml of phosphate-buffered saline was tested in the LAL assay, very substantial inhibitory activity was present. Quantitation of this AT-Il activity, in terns of a plasma standard, was not practicable. These results imply that although AT-II is a potent inhibitor of the LAL enzyme, it is not solely responsible for the inhibition shown by undiluted plasma. There are known to be at least two other enzymes in plasma which progressively and irreversibly inhibit thrombin (15) and which possibly could affect the LAL enzyme.
Most of the residual inhibition present in serum could be abrogated by dilution (19) . Figure  3 shows the results of an experiment where 25 ,ul of S. marcescens endotoxin, at 10 jug/ml in pyrogen-free human serum, was added to 0.5-ml portions of serum from each of three normal volunteers. The heated sera were diluted in pyrogen-free saline as shown, and 50 gl of each dilution was tested in the LAL assay. This experiment was performed three times with similar results. Effect of antibody to endotoxin upon the sensitivity ofthe LAL assay. The results (Fig.  4) show that although S. marcescens endotoxin was approximately 10 times more active than E. coli endotoxin, the activities of each endotoxin were similar in both sera and also bear the same relationship to each other as was obtained in saline. This signifies that endotoxin activity in the LAL assay is unaffected by specific antibody against the O antigen or by some anti-lipid A antibodies. This experiment was performed twice, with similar results.
Inactivation of endotoxin by serum factors. Results are summarized in Fig. 5 . It can be seen that inactivation of endotoxin proceeds very much more slowly in heated serum than in fresh serum, although the former is not devoid of inactivating ability. Inactivation by fresh serum would appear to be biphasic, and the rate of the first phase (up to 3 h of incubation) approximates to 600 ng/ml per h in this experiment. At 5°C, inactivation was slower, but accounted for a substantial fraction of the added endotoxin in 24 h. This experiment was repeated twice, with similar results.
DISCUSSION
The objective of this work was to investigate further the factors which might bear upon the method, variations of which have been used quite widely in clinical studies (8, 14, 18, 20) .
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